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Ga ^a. ^^y'akl ohev 

26 Novaraber 19^7 


This work studies tho propagation of mod ilatione along on oloctron beam, 
when the modulated quantities are current, kiaefcl? energy, and charge dor, city, 
and when the propec;"'^*n Is by disturbances super Itilp on ed on a definite 

point, of the ray. 


iCayastlgatlop by Klnotl c a of the ProT)€tff«t3cn o.f Mo^ u lat i or 
Cong Iderct Ion Inttoractlon Between the ElectrrHyi 


s, Hot Taking Into 


Ihe kinetic equation of Flacov (Scientific Memoirs, Moscov State tinlycr*- 
i5ty. No TP, 19**^) vlll eerre as the Init’ct equation of our problem; It 
expresses in the form of a differential aquation the function 
de«orlb’ng the dlatrlbutl.on of electrons In one dlnenelon: ^ 

where t (3C^vlo a given field strength between tvo grlda co’irlng the disturbance 
cf the e!'*“tron beam. If the dle^once between^^he gi’ld? V- : \ill, and the tine 
.required by the electr*-nr to Iravol ‘be'.veen them Is mcl tnnn the partod 
:.r th? pcter.t^al 6 a?e 2 l£ap.'^Red on the grllSj. then It is i'.o:.cible to effecr a 
transit!' r. ‘ ' * dual electrical level thus: 

£(x,t)-^vmhh 

whcreSfa^lp th' !eUa function of Dirac. oe-k the solution In th- form 

where^— 'V describing the dlF^trl;) *:l'>n of 'Electrons In n nrn- 

dlsturbi** f'nctlon v-^ .net to dqual to: 
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CQMEIfiBlTIAL 


fiinctlon la correc^. for largo reIoc.lt ler of electron^ In the beeoi, vhen 
*t ifl poaaLble to ooglect ‘•.In reloclty dlstrlbirtlon of the elentrona. The 
" notion la !-he atnall Inororaent (that port irln"- 1 ooj by the 

^ l?3tiTrbr;non^ vhlch V 0 ohrll take aa nulte aftiell. Therefore It If roaalble to 
neglnot the offact of on the dlstarblng force Zj In coiiporlson with other 
tcrnLO- 


^ fx)-^ -c. 


Thla oqtviatlon can change to Ita equtra 


vhereg-^ antto-^arc. dlspjaxsemtttt qperators of x! 
Operator^^la defined by the operatlcr 


Is slta3.1arly defined thtiB:^ 


"f ' 


L^t UG Intro’^acc a disturbance (po:' .,.lo 

point X"*0 ^ie n Cx»i, » A J - nc c a t : h 1 c 
after calculation of biie disturbance. Aft*:: Int 


lonj av 




VC’-fh 


ThlB expresalon Is distinct from zero for l^>0 and t density of 

aiy quantity In connection vlth an electron beaff, Iq as follows 2 

/’f' * ('‘x» / ) f c;. ^ . 

Setting the psl function equal to the following (reripecMrely: charge, current, 
energy) In succecslor): 

ve obtain correspondingly” the dccolty of th charge,/** , t)y the density of 
the current, J and the density of tl' kinetic energy, \i/('X^t)^ thus; 

PLTt-.i^)^ H) « 0'*"k^f y(^)} 

N06 ^ ^ 

(\ftiere )• ^ 

Integration w-'o effoctoC ia aceo:''*inc*'; wlf: principle cf totecrctlDG 

the derivative deli- f'.rsctlon. The eopre-eVon for the den:^lty of the oivtrent 
coincides with the expression obtained by Webstar (J. A.ppl* Phy^:. 10, 001. 

1939 ) from different o.^'lculationa for 

Investigation by Mnetlos of Ccncentraoed Beams, Taking Into Congfderatlon 
Interaction Ictweon the Sleotrone 

As an initial eyetom of equations, In the study of Coulonb*8 force, we 
use the equation for the distribution function, In agrocnent with Pclsaon's 
equation: ^ 

£A.t-j#+#-vYy 
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vtisra 1;, ;.ho i.v clsctr-n^ r.nfl -’.’.t- !-y r ' •■-r. l- erna! 

i^hargc'p^, 

'■/? 3holl t,hf oyatom (after set L'.Q;': /WjJ+A ani £=‘£),+-£/ ) 

vuerc the null-^ipprcBCir.is.i'.^ir' incite'. thr cn the nf the 

f.leld cf e nondlnturbc^ heaci Bind of exrorrx? ■''ir’. • rclur]in 3 : the* fie'*! 
arlf^iilg frora ccri,".V,^. .-r7.ti.ons cf th“ eet loc of :h*'- '' prohT^v, '‘c coM-* 

on,t v^ hj the ■’.cattering of the bco-. caas--: Mu ^or-iccnee of**.hv energy?, 

bnt ohte doe,! net appear to be th'; prlnclii-r'l -.n-f. -f ?:hn \p 

oompennated b/ the foouelng 7n^?.:c:^er.p.nt; , " ••" M? thf 'Id cau-^ed 

by the excees or by the defleloncy of the charge r.-.I-.c t.o the 

7-?.lue, l»em, the voliir during abidance of th* of the tv.- fx: It 

Ir loaalble to eaio:;Iete what ft'; Id of thi? 0 Tereg »2 v.al::r f,-: c by 
Charge of posltlTc ipno. 

®">° ff~Ho OM befD2.’c, and £^() ; tlone (i ), -eft-rr 

dlareg^rcllQg terraa ::>f the second order of 2 ;^ lino, r'i\ rq’iraV-nt ’“c: 

Ve shall write down 'lE’a f i ret ec’i.atl on . In the eq? l~ n‘ f "’»’• : 

i t 

^ it ^ it 

where and^_aro operators, ^gatn let ua set , and, by analogy, let 

ue aet the f!ra‘ term of the first ^art equal to zer'-'. 

Further; . t 


Multiplying the rl^t and left parts of the equation 
with respt^'t to ^ froa— oe to..^* : 


ord * ntr,"’r tl nc 


u^x—4,(t-ir)/ ' 

>r' { 

^ Ir, OO 

i&ere le ♦'he of the naturnl. frequency of the electron 

circuit • —35 


therefore, the Integral equation of Walt -r If: obt slued for fXft) with 
& alaple Intogrand-t^Ita peculiarity 1 a* ‘h^ d pcr/en*'e cf neV upon x, bti*- 
upon tj)* Ifit us designata-«*>^*'=‘‘ . euid the first tem of the rl^ 

part of ffnatlon fs) by shall find the solution, after assuming 

that depends upon x only In the following coablaatlcn: ^ k 

This aolutldn of courae will not be accurate since the first term of ^ *Haa X.* 
In this case, by changing In A to 't' and 71 i# it, i a^ function 

We eeet the In t’^ of a ecrion: 

^7 . 

cowmm 
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placlag bhe in the ancV Go^^?ctia^ ‘ or:^ 

"he some power in %. , we find 

^ -in. \ . t « 


^ ^(t ~^) C ^ ^ / 

:ern t.Uo ohr.r.?cterlotlc part in no loagor /0,ilU K 

to., nro in' o/p:rtlons of the Intcgiand, f ' > 


Her 

c 


Zlv- rorrolvent of thim Intecr.ind will be , 


1 


Let ug place lA equation (2). 

I If 


\<n obtala then tho fanction 

FH, t) =» Fto^ f* f-r) F„ r) i. T— = 

Bie unknown ^ The Inte/pral equritl-^n poageaaea 


f ♦ 


Kov In Fl^oc^t), z entera only In the coublnatlon • 


After solving, by analogy, this equation, we find: 


rc 


C^S cUf^ ^ ^ 


Conpeni 




« — 


If we aet^^f-^/ , tiiaf- is. If the concentration iy ^....11 or the 
disturbance Is not propagated far from the grlln, then wo obtain the prerlous 
solution for the oaae where the olectrana do not Interact upon each other. 


A * 

Shiploylng the ratios and a-gumlns VC^) tD be expanded 

a Fourier series, we find the^ienalty of the current j: 


Into 


^ •»■’ >«w •» 





r•^ 


6 05 


■] 


0A 
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(A) 


B Is the eolation for an electron beam propagated from two grids ard 
completely unllcil''^'l , For a finite bcect of length i, this solution Is true 
for i<jL . 

- 

The Case of a Fltilte Bean of Length 4 


Webster solved oi. a;i: ' ^ip\xa problem by a different nothod . 

. U - 


ile h ': '^ducoa 


'ww« %* tar «■• « fl • 
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far j> v(h9!. Qr-.preos 


*!n ^ xjf 


tudee the electron loops, resulting ^’r.- d?.oturb.':nc &ir&T:n*>'rrr 

Identical* He took Into ciocoimt the Infl-: i>- ■ of the on an Individ’; o.l 

electron ■Tpcm jut'* one loop (anticode), ■Ilar:;-;,’?.rdln£ the Influence af the re- 
rtalnliig loops* If ve oake a the aolutlor ottaicc? 

must be changed* 

Let as deternilae J at a point z at t'v. unfter;*' of arrival there of the 
disturbance, that is, for since the average ap#dd of the electron 

beam • ■« With further ™reasf in time ^ ve shall assume no variation 

In current J at the point x because the electron field has moved ahead* 
replacing t by ^ la equatton ( 4 ) ovoryvhers, except the terms and 

(since the variation In J at x vlth the flov of time tak c place because of 
grid aotl *“ obtained the eiprorrelon of b'ebstor* Crr.oeTaently, for '.'rch r 
It is oorreot at the moaent of prop/i^iatlon of : r’ Ictiirbanno *' r *:r: v)!;- 
For large values of time, this expression ic very cpxroyirv; ■ • 

It Is possible, although not strictly, to obt ain ^y- p ' od J ,a .lor : 
accurate s^^reasloa frtwa the formulas obtelned for an Infia'; ‘.-■^uiri* In-- 
addition, w® shall study p end J at the end of the ! ';a a, pructl aally th^ 
most important point. Let us find the expression ttr obtain tho 

solution, analogous to Webster’s solution. It In nece :: .;- r. tT by 

In equation ( 3 )/. But, In addition, ve do not tak': * nVo ao' yint that 
field of the beam has acted previously on the electrons forming p at 
'point I , vlth the beam poaseaslng a variable longth from 2 to ^ * IT 

wa set in ( 3 ) , this vlLl mean that the field of a bonra of Z 

has acted prevloualjrftpoQ the electrons forming p at point Actually, 

the length varies from 2 to ^ and consequently one soLut-on ^ 7 lll be lurger, 
but another less, than the true Holutlon. W '2 shall obtain '' more accurate 
solution by taking the average of these tvo. Therefore: 








2. m 
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(hare ve have placed )* 

Tor small 2 and , this solution transforms Into the solution for the 
c&ae vhere there le no Interaction betveen the electrons* .hielogousl^'- It 
Is possible to ’-n^lte the expression for ^rhtr): 

In conclusion J. jy deep graMtu'te " Prof'^anor A* i* Tlp-^'ja 

vho proposed thlt theme and helped by h-.c ai«*ic^* 


frwemeasmx 

wen ll^u^ • ink 
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